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[57] ABSTRACT 

Liquid crystals puri?ed by treating with porous particles of 
a compound having one or more imide groups, or a liquid 
crystal composition comprising one or more liquid crystals 
and porous particles of a compound having one or more 
imide groups can provide a liquid crystal cell having a high 
voltage retention rate and a liquid crystal display device 
having high display properties. 

9 Claims, 3 Drawing Sheets 
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PURIFICATION OF LIQUID CRYSTALS AND 
LIQUID CRYSTAL CONIPOSITION 

This application is a Divisional application of application 
Ser. No. 164,710, ?led Dec. 10, 1993, now US. Pat. No. 
5,422,034. 

BACKGROUND OF THE INVENTION 

This invention relates to a process for producing puri?ed 
liquid crystals, a liquid crystal composition, and a liquid 
crystal cell and a liquid crystal display device using these 
puri?ed liquid crystals and the liquid crystal composition. 

In order to improve display properties of liquid crystal 
display devices, it is important to improve the resistivity of 
liquid crystals and to improve the voltage retention rate of 
liquid crystal cells. But liquid crystal cells and liquid crystal 
display devices now used have a problem in that ionic 
impurities are adsorbed on orientation ?lms made from a 
polyimide and deteriorate display properties. In order to 
remove such ionic impurities, various methods are proposed 
using liquid crystal purifying material. For example, Japa 
nese Patent Unexamined Publication (JP-A) No. 64-87685 
discloses a process for removing impurities using an adsor 
bent such as silica gel, alumina, porous polymer beads made 
from styrene-divinylbenzene copolymer, ion exchange res 
ins, etc. But since the adsorption ability is so strong, the 
adsorbent adsorbs not only ionic impurities which are 
adsorbed on polyimide orientation ?lm and deteriorate liq 
uid crystal display properties, but also other additives such 
as liquid crystal mixtures having polar groups, chiral agents, 
etc., resulting in changing the liquid crystal composition and 
deteriorating the display properties. 
On the other hand, when the resistivity of liquid crystals 

and the voltage retention rate were lowered by contamina 
tion of liquid crystals at the time of insertion into a liquid 

7 crystal cell or a liquid crystal display device, it was di?icult 
to recover these properties. In order to solve such a problem, 
JP-A 4-258925 discloses a device for inserting liquid crys 
tals having a liquid crystal reservoir, inner wall of which is 
covered with a polyimide resin in order to remove impurities 
by adsorbing on the polyimide resin. But since the contact 
area with liquid crystals is small, the removal of impurities 
is insu?icient, resulting in failing to obtain long-period 
display stability, particularly under high temperature cir 
cumstances (40°—80° C.). Further, even if the polyimide 
resin was ground to a powder, the speci?c surface area was 
still insufficient to remove the impurities. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a process 
for producing puri?ed liquid crystals by selectively remov 
ing impurities which give undesirable in?uences on orien~ 
tation ?lms using porous particles of irnide group-containing 
compound. It is another object of the present invention to 
provide a liquid crystal composition removing undesirable 
impurities. 
The present invention provides a process for producing 

puri?ed liquid crystals which comprises treating liquid crys 
tals with porous particles of an imide group-containing 
compound. 
The present invention also provides a liquid crystal com 

position comprising liquid crystals and porous particles of 
an irnide group-containing compound. 
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2 
The present invention further provides a liquid crystal cell 

or a liquid crystal display device containing such puri?ed 
liquid crystals or such a liquid crystal composition. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a plane view of Can ITO transparent electrode 
pattern used in Examples. 

FIG. 2 is a plane view of another ITO transparent elec 
trode pattern used in Examples. 

FIG. 3 is a cross-sectional view of a liquid crystal cell 
produced in Examples. 

FIG. 4 is a top view of a liquid crystal cell produced in 
Examples. 

FIG. 5 is a rough sketch of an apparatus for measuring a 
voltage retention rate. 

FIG. 6 is a photograph of a porous particle of polyimide 
used in Example 2. 

FIG. 7 is a photograph of active alumina used in Com 
parative Example 1. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

According to the present invention, liquid crystals are 
puri?ed by treating (or contacting) liquid crystals with 
porous particles of an imide group-containing compound. 
The resulting puri?ed liquid crystals show long-period dis 
play stability, particularly at high temperatures (40°—80° C.), 
and a lost amount during the puri?cation is very small. 

As the liquid crystals to be puri?ed, there can be used 
conventionally used liquid crystals usable in display 
devices, for example, nematic liquid crystals, cholestic liq 
uid crystals, and smectic liquid crystals of Schiif bases, azos, 
azoxys, benzoic acid esters, biphenyls, terphenyls, cyclo 
hexylcarboxylic acid esters, phenylcyclohexanes, biphenyl 
cyclohexanes, pyrimidines, dioxanes, cyclohexylcyclohex 
ane esters, cyclohexylethanes, cyclohexanes, tolans, 
alkenyls, 2,3-di?uorophenylenes, etc. These liquid crystals 
can be puri?ed alone or as a mixture thereof. 

As the irnide group-containing compound, there can be 
used polyimides obtained by reacting a tetracarboxylic dian 
hydride with a diamine, polyimides obtained by reacting a 
tetracarboxylic dianhydride with a diisocyanate, polyamide 
irnides obtained by reacting a tricarboxylic monoanhydride 
with a diamine or a diisocyanate, bismaleimide polymers, 
etc. so long as they are not dissolved in liquid crystals. 

The polyimides obtained by reacting a tetracarboxylic 
dianhydride with a diarrrine or diisocyanate have repeating 
units of the formulae (1) to (3); 

0 0 (1) 
|| ll 

H II 
0 O n 

wherein R1 is a tetravalent organic group; R2 is a divalent 
organic group; and n is an integer larger than 1, 



5,540,857 
3 

0 0 (2) 
H II 

I! ll 
0 0 m 

wherein A1 is a tetravalent aromatic residue; A2 is a divalent 

Z 

aromatic residue, and m is an integer larger than 1, 

0 O (3) 
II II 
C C 

N/ \ / \ 
A3 N—A4 

\ / \ / 
C C 
|| || 
0 o ,, 

wherein A3 is 

more 
2 is —CH2—, 

CH3 

CH3 CH3 CH3 

ooo 
ore-2o» 

Z is as de?ned above; and p is an integer larger than 1. 
The polyamideimides obtained by reacting a tricarboxylic 

anhydride with a diamine or a diisocyanate have repeating 
units of the formula: 

()C (4) 

N R4—C 
\ / 
0C k 

wherein R3 is a divalent organic group; R4 is a trivalent 
organic group; and k is an integer larger than 1. 
Among these polymers, those having the repeating units 

of the formulae (2) and (3) are preferable, and the formula 
(3) is more preferable. 
As the tetracarboxylic dianhydrides, there can be used the 

following compounds. 
Aromatic tetracarboxylic dianhydn'des: 

pyromellitic dianhydride, 
3,3',4,4'—benzophenonetetracarboxylic dianhydride, 
3,3',4,4‘—biphenyltetracarboxylic dianhydride, 
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4 
1,2,5,6-naphthalenetetracarboxylic dianhydride, 
2,3,6,7-naphthalenetetracarboxylic dianhydride, 
2,3,5,6-pyridinetetracarboxylic dianhydride, 
l,4,5,8—naphthalenetetracarboxylic dianhydride, 
3,4,9,lO-perrylenetetracarboxylic dianhydride, 
4,4‘~sulfonyldiphthalic dianhydride, 
m-terphenyl-3,3",4,4"-tetracarboxylic dianhydride, 
4,4'-oxydiphthalic dianhydride, 
l,1,1,3,3,3-hexa?uoro-2,2-bis(2,3- or 3,4-dicarboxyphenyl' 
)propane dianhydride, 

2,2-bis(2,3- or 3,4—dicarboxyphenyDpropane dianhydride, 
2,2-bis[4-(2,3- or 3,4-dicarboxyphenoxy)phenyl]propane 

dianhydride, 
1,1,1,3,3,3-hexa?uoro-2,2-bis[4-(2,3- or 3,4-dicarboxyphe 
noxy)phenyl]propane dianhydride, 

1,3-bis(3 ,4-dicarboxyphenyl)-l,1,3,3-tetramethyldisiloxane 
dianhydride, etc. 
Reduced compounds of these aromatic tetracarboxylic 

dianhydrides with hydrogen. 
Alicyclic tetracarboxylic dianhydrides of the formulae: 

h) CH3 h) 
C C 

O/ \O 
\C C/ 

|| n 
O 

u n 

/C C\ 
\C C/ 

II n 
O O 

O 0 
|| || 
C C 

0/11 \Q \ / 
C C 
u n 
O 0 

These tetracarboxylic dianhydrides can be used singly or 
as a mixture thereof. Among them, the use of aromatic 
tetracarboxylic dianhydrides is preferable. 
As the diamines, there can be used aliphatic diamines, 

alicyclic diamines, heterocyclic diamines, aromatic 
diamines, silicone diamines, etc. Among them, aromatic 
diamines and alicyclic diamines obtained by reducing aro 
matic diamines with hydrogen are preferable. 
Examples of aromatic diamines are as follows: 

4,4'-diaminodiphenyl ether, 
3,4‘-diaminodiphenyl ether, 
4,4‘-diaminodiphenylmethane, 
4,4'-methylene-bis-(2,6-dirnethylaniline), 
4,4'—methylene-bis-(2,6-diethylaniline), 
4,4‘-methylene~bis-(2-methyl-6-ethylaniline), 
4,4‘—diaminodiphenylsulfone, 
3,3‘-diaminodiphenylsulfone, 
4,4‘-benzophenonediamine, 
3,3'-benzophenonediarnine, 
meta-phenylenediamine, 
para-phenylenediamine, 
4,4’-di(4-aminophenoxy)phenylsulfone, 
4,4'-di(3-aminophenoxy)phenylsulfone, 
4,4'-di(4-aminophenoxy)benzene, 
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3,3'-di(4-aminophenoxy)benzene, 
4,4'-di(3-aminophenoxy)benzene, 
2,4-diaminotoluene, 
2,6~diaminotoluene, 
4,4'-diarninodiphenylpropane, 
4,4‘~diarninophenyl, 
2,2-bis[4-(4-aminophenoxy)phenyl]propane, 
2,2-bis[4-(3-aminophenoxy)phenyl]propane, l,l,l,3,3,3 

hexa?uoro-2,2-bis[4-(4~arninophenoxy)phenyl]propane, 
etc. 
Among these aromatic diarnines, the following ones are 

more preferable. 
4,4'-diarninodiphenyl ether, 
4,4‘-diaminodiphenylmethane, 
4,4'-benzophenonediamine, 
4,4'-diaminodiphenylsulfone, 
2,2-bis[4-(4-aminophenoxy)phenyl]propane, 
4,4'-methylene~bis-(2,6-dimethylaniline), 
4,4'-methylene-bis-(2,6-diethylaniline), and 
4,4'-methylene-bis-(2-methyl-6-ethylaniline). 
When a polyamine having three or more functionalities is 

used as a part of the above-mentioned diarnines, there can be 
obtained a cross-likable polyirnide resin. Examples of such 
a polyarnine are aromatic triarnines such as 1,2,4-triami 
nobenzene, etc.; aromatic tetraamines such as 1,2,4,5-tet 
raarninobenzene, 4,4'-diaminobenzidine, etc.; aromatic 
polyamines of the formula: 

NHz N'Hz NH: (5) 

CH2 CH2 

J 

wherein j is 0 or an integer of 1 to 9. 
As the diisocyanates, there can be used diisocyanates 

obtained by reacting the above-mentioned diarnines with 
phosgene or thionyl chloride; isocyanurate ring-containing 
polyisocyanates obtained by tn'merization reaction of poly 
isocyanate or diisocyanate obtained by treating a polyarnine 
similarly; aromatic diisocyanates such as 4,4'-diphenyl 
methane diisocyanate, 4,4'-diphenyl ether diisocyanate, 3,3‘ 
dimethyldiphenyl-4,4'-diisocyanate, tolylene diisocyanate, 
etc.; carbodiimido group-containing aromatic diisocyanates 
obtained by condensation reaction of the aromatic diisocy 
anates; and isocyanurate ring-containing polyisocyanates 
obtained by condensation reaction of these aromatic diiso 
cyanates. 
As the tricarboxylic anhydride, there can be used reactive 

acid derivatives of trimellitic acid such as trimellitic anhy 
dride, trimellitic anhydride monochloride, 1,4-dicarboxy-3 
N,N-dimethylcarbamoylbenzene, 1,4-dicarboxy-3-car 
bophenoxybenzene, 1,4-dicarboxymethoxy 
3-carboxybenzene, ammonium salts of trimellitic acid using 
ammonia, dimethylarnine, triethylamine, etc. The use of 
trimellitic anhydride and trimellitic anhydride monochloride 
is more preferable. 
The polyimides and polyarnideirrrides can include repeat 

ing units (e.g. branched repeating units, crosslinked repeat 
ing units) other than those of the formulae (1) to (4). 

Examples of the bismaleimide polymers are polymers of 
4,4'-bismaleirnidediphenylmethane, 2,2-bis[4-( 4-maleim 
idephenoxy)phenyl]propane, bis[4-(3-maleimidephenox 
y)phenyl]sulfone, 3,4'-bismaleimidediphenyl ether, 1,2 
bis(4-maleimidephenoxy)ethane, l,2-bis[2-(4 
maleimidephenoxy)ethoxy]ethane, 1,6 
bismaleimidehexane, etc. 

In order to purify liquid crystals effectively, the imido 
group-containing compound should be used in the form of 

10 

20 

25 

30 

35 

45 

50 

55 

60 

65 

6 
porous particles. The words porous particles” means 
porous spheres or sphere-like bodies or pseudo-spheres 
having a large speci?c surface area and a number of wrinkles 
or larnellas on the surfaces thereof as shown in FIG. 6. 

Such porous particles of imido group-containing com 
pound can be produced by a process wherein a solution of 
an imido group-containing compound is added to a poor 
solvent and ?ne particles are made under high shearing, a 
process wherein a solution of an imido group-containing 
compound is spray dried, a process wherein ?ne particles 
formed by passing through small holes are recovered (a 
membrane emulsifying method, JP-A 2-95433), or a direct 
synthesis process such as non-aqueous dispersion polymer 
ization of starting materials of the polyimides and polyami 
deirnides having repeating units of the formulae (1) to (4) 
(Japanese Patent Examined Publication No. 60-48531, JP-A 
59-230018), dispersion polymerization of these starting 
materials (JP-A 59-108030, 60-221425, 63-277241), etc. 
More in detail, there can preferably be used porous 

particles of polyirnide obtained by reacting a tetracarboxylic 
dianhydride with a diamine in a solvent which does not 
dissolve produced polyirnide particles, and porous particles 
of polyirnide obtained by reacting a tetracarboxylic dianhy 
dride with a diisocyanate in a solvent which does not 
dissolve produced polyirnide. More preferably, there are 
used porous particles of polyirnide obtained by dispersion 
polymerization of an aromatic tetracarboxylic dianhydride 
and an aromatic diamine in a solvent which does not 
dissolve resulting polyirnide particles. Such porous particles 
of polyirnide can be produced by uniformly dissolving 
almost equimolar amounts of an aromatic tetracarboxylic 
dianhydride and an aromatic diamine, and 10 to 200% by 
mole of water per mole of the tetracarboxylic dianhydride in 
a basic solvent (e.g. N-methyl pyrrolidone, N,N-dimethyl 
formamide, N,N-dimethylacetamide) at a temperature lower 
than 150° C., and carrying out the reaction at 150° to 300° 
C. 
The polyimides having repeating units of the formulae (1) 

to (3) and the polyarnideirnides having repeating units of the 
formula (4) may further contain one or more carboxyl 
groups or amide acid groups in the main molecular chain. 
The average particle size of porous particles of the imido 

group-containing compound is not particularly limited. But, 
when the average particle size is too small, there is a 
tendency to worsen the workability at the time of ?ltration 
and decantation, and also to worsen permeability in the case 
of packing the porous particles in a column. On the other 
hand, when the average particle size is too large, there is a 
tendency to lower the speci?c surface area and to lessen the 
effect for improving the puri?cation of liquid crystals and 
the voltage retention rate. Therefore, the average particle 
size is preferably 0.1 to 5,000 pm, more preferably 1 to 
5,000 pm. 
As to the speci?c surface area of the porous particles of 

the imido group~containing compound, when it is too small, 

is 

there is a tendency to lessen the effect of improving the. 
puri?cation of liquid crystals and the voltage retention rate. 
To obtain better effects, the speci?c surface area is prefer 
ably l m2/g or more, more preferably 5 m2/g or more, 
particularly preferably 10 m2/g or more, and extremely 
particularly preferably 20 mzlg or more. The upper limit of 
the speci?c surface area is not particularly limited, but 
usually about 5,000 mz/g. 

Control of the average particle size and the speci?c 
surface area of the imido group-containing compound can be 
conducted by applying proper conditions at the time of 
production of porous particles (eg the kind of solvent, 
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combination of solvents, using amounts of solvents, stirring 
conditions, reaction time, reaction temperature, precipitation 
conditions, etc.). 
The term “treating” in the puri?cation process means any 

ways which can conduct puri?cation of liquid crystals, 
wherein the liquid crystals are contacted with the porous 
particles of imido group-containing compound. The treating 
method includes, for example, a batch method and a column 
method. 

According to the batch method, liquid crystals and porous 
particles of imido group-containing compound are charged 
in a proper vessel and, if necessary, stirred, followed by 
separation of the porous particles of imido group-containing 
compound to give puri?ed liquid crystals. 
As to the mixing ratio of the liquid crystals and the porous 

particles of imido group-containing compound (hereinafter 
referred to as “porous particles”) in the batch method, when 
the amount of the porous particles is too small, there is a 
tendency to lower the improving e?‘ect of puri?cation of 
liquid crystals and the voltage retention rate of a liquid 
crystal cell. 0n the other hand, when the amount of the 
porous particles is too large, there is a tendency to increase 
the absorbed amount of liquid crystals on the porous par 
ticles, resulting in causing an undesirable loss of liquid 
crystals. Therefore, it is preferable to use the porous particles 
in an amount of 0.01 to 30% by weight based on the weight 
of liquid crystals. 
The treating time in the batch method is preferably 10 

seconds or more, since there is a tendency to lower the 
improving effect of the voltage retention rate of a liquid 
crystal cell when the treating (or contacting) time is too 
short. 
The treating temperature in the batch method is preferably 

above the melting point of liquid crystals without causing 
any problems. But when the temperature is too high, there is 
a possibility of decomposing the liquid crystals and the 
porous powders. 

In the batch method, the separation of the porous particles 
from the mixture of liquid crystals and the porous particles 
can be carried out by a ?ltration method, a decantation 
method, and the like. 

According to the column method, the porous particles are 
packed in a proper vessel to form a column and liquid 
crystals are passed through the column to give puri?ed 
liquid crystals. 

In the column method, the liquid crystals can pass through 
the column either by natural ?ow by gravity or ?ow using a 
pump. 
As to the ?ow rate in the column method, when the ?ow 

rate in too fast, there is a tendency to lower the improving 
effect of the puri?cation of liquid crystals and the voltage 
retention rate of a liquid crystal cell. On the other hand, 
when the ?ow rate is too slow, there is a tendency to worsen 
the treating e?iciency. Preferable ?ow rate is in the range of 
0.0001 cm/min to 100 crn/min in terms of linear velocity. 
The present invention also provide a liquid crystal com 

position comprising liquid crystals and porous particles of 
an imido group-containing compound. As the liquid crystals, 
those mentioned above can be used. Further, as the porous 
particles of an imido group-containing compound, there can 
be used those mentioned above can be used. 
The liquid crystal composition mentioned above can be 

obtained by mixing the liquid crystals and the imido group 
containing compound in a vessel such as a beaker, followed 
by insertion of the liquid crystal composition into a cell to 
form a liquid crystal cell. Alternatively, porous particles of 
imido group-containing compound are dispersed on glass 
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8 
substrates like a liquid crystal spacer, and the glass sub 
strates are used for forming a cell, into which liquid crystals 
are inserted to ?nally form a liquid crystal cell in which the 
liquid crystal composition is consequently formed. 
As to the mixing ratio in the liquid crystal composition, 

when the amount of the porous particles of imido group 
containing compound is too small, there is a tendency to 
lower the effect of preventing the lowering of resistivity of 
liquid crystals and to lower the effect of preventing the 
lowering of voltage retention rate of a liquid crystal cell. On 
the other hand, when the amount of the porous particles of 
imido group-containing compound is too large, the image 
quality of the cell becomes worse due to the small amount 
of liquid crystal phase. Considering the above facts, it is 
preferable to use the porous particles of imido group 
containing compound in an amount of 10‘10 to 104% by 
weight based on the weight of the liquid crystal. 
The liquid crystal cell of the present invention is obtained 

by inserting the liquid crystals puri?ed as mentioned above, 
or the liquid crystal composition, mentioned above into a 
cell structure obtained by a conventional method (e.g. Mat 
sumoto and Tsunoda, “Fundamental and Application of 
Liquid Crystals”, published by Kogyo Chosa-kai, 1991). 

For example, an indium tin oxide (ITO) transparent 
electrode is formed on a glass substrate by a sputtering 
method, etc. Then, a varnish of polyimide or a precursor 
thereof is coated on the ITO transparent electrode for ?lm 
formation, dried and, if necessary, rubbed to form an orien 
tation ?lm. A pair of thus obtained glass substrates are 
placed oppositely so as to face the orientation ?lms each 
other. The periphery of the glass substrates are sealed with 
a sealing pattern and the puri?ed liquid crystals or the liquid 
crystal composition is inserted into the resulting cavity to 
give the liquid crystal cell. 
On the other hand, the liquid crystal display device 

comprising, e.g. two substantially parallel spaced plates; a 
frame sealed between said plates and de?ning a tight cham 
ber therebetween; control electrodes arranged on the inner 
facing surfaces of said plates for providing an electric ?eld 
therebetween; a coating of alignment material (e.g. polyim 
ide, etc.) covering said inner surfaces and said electrodes; 
and a liquid crystal mixture, can be formed by a conven~ 
tional method, e.g. as mentioned above, by inserting the 
puri?ed liquid crystals or the liquid crystal composition 
mentioned above thereinto. The liquid crystal display device 
includes a segment type display and a matrix type display, 
and the matrix type display includes a simple matrix type 
display and an active matrix type display. 

According to the present invention, the resistivity of 
liquid crystals and the voltage retention rate of a liquid 
crystal cell can be improved remarkably. 
The resistivity in?uences remarkably on display proper 

ties of liquid crystal displays. Generally speaking, higher 
resistivity makes display properties better. In practical use, 
the resistivity is in?uenced by the kind of liquid crystals, 
required properties for the driving method of liquid crystal 
displays, required price, and the like. In the case of TF1" 
driving active matrix type colored liquid crystal displays 
which are required to have properties satisfying severe 
requirements, the resistivity is preferably 1012 9.0m or 
more. 

As to the voltage retention rate, which in?uences the 
display properties of liquid crystal displays greatly, the 
higher value gives better display properties. The voltage 
retention rate is, in practice, in?uenced by the kind of liquid 
crystals, required properties for the driving method of liquid 
crystal displays, required price, and the like. In the case of 
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TF1‘ driving active matrix type colored liquid crystal dis 
plays which are required to have properties satisfying severe 
requirements, the voltage retention rate is preferably 84% or 
more at 16.5 ms (frame frequency 60 Hz) when a 5 V 
rectangular-current impulse with a pulse width of 100 pm is 
applied at a measuring temperature of 23° C. (room tem 
perature). 
The present invention is illustrated by way of the follow 

ing Examples. 

EXAMPLE 1 

(1) Preparation of Porous Particles of Imido Group 
containing Compound 

In a 3-liter four-necked ?ask equipped with a thermom 
eter, a stirrer and an Allihn condenser, 218 g (1 mole) of 
pyromellitic dianhydride, and 200 g (1 mole) of 4,4'-diami 
nodiphenyl ether dissolved in 673 g of N -methyl pyrrolidone 
were reacted at 25° C. for 4 hours while passing a nitrogen 
gas therethrough, followed by 1 hour’s reaction at 80° C. 
The resulting resin solution was poured into 5 liters of water 
to yield porous particles having an average particle size of 
100 pm. The resulting particles were dried at 200° C. for 3 
hours to give an imido group-containing compound having 
an average particle size of 100 pm. The porous particles had 
a speci?c surface area of 5 mzlg (BET method, Sorptomatic 
1800 type, mfd. by Carloerba Strumentazione). In the infra 
red absorption spectrum, the special absorption due to imido' 
group at 1780 cm-1 was admitted remarkably. 

(2) Treatment of Liquid Crystals with the Imido Group 
Containing Compound 

In a lO-ml glass beaker containing 5 g of liquid crystals 
(ZLI-4792, a trade name, mfd. by Merck Japan Ltd.), 0.5 g 
of porous particles of the imido group-containing compound 
obtained in above (1) was placed and stirred for 1 hour at 
room temperature using a magnetic stirrer. After removing 
the porous particles by ?ltration, there were obtained puri 
?ed liquid crystals. ' 

(3) Measurement of Degree of Puri?cation of Liquid 
Crystals 
As a measure for the degree of puri?cation of liquid 

crystals, the resistivity of liquid crystals was measured using 
an electrode for liquid electrode (LE-21, a trade name, mfd. 
by Ando Electric Co., Ltd.) at room temperature. The results 
are shown in Table 1. 

(4) Measurement of Voltage Retention Rate of Liquid 
Crystal Cell 
On a glass substrate (30 mm><30 mm><0.1 mm), a prede 

termined ITO transparent electrode was formed by a sput 
tering method. This pattern is shown in FIGS. 1 and 2, 
wherein numeral 1 denotes a glass substrate, and numeral 2 
denotes an ITO transparent electrode. A pair of thus pro 
duced glass substrates were placed in parallel so as to face 
the ITO transparent electrodes each other and the peripheries 
thereof were sealed with an epoxy thermosetting adhesive 
(resin: SE-4500 clear, a trade name, mfd. by HAVEN 
Chemical Co.; hardener: SE-4500 CATALYST, a trade 
name, mfd. by HAVEN Chemical Co.). In order to maintain 
the gap between the two glass substrate constant, plastic 
particles having a diameter of 5.0 pm were placed therebe 
tween as a spacer. Into the resulting cavity, the puri?ed 
liquid crystals obtained in above (2) were inserted by a 
vacuum impregnation method. The input was sealed using a 
UV curable resin (Three Bond 3052, a trade name, mfd. by 
Three Bond Co.) as a sealant to give a liquid crystal cell 
shown in FIGS. 3 and 4, wherein numeral 3 denotes a seal 
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10 
pattern, numeral 4 is liquid crystals, numeral 5 is a sealant 
and numerals 1 and 2 are as explained above. 

Using the resulting liquid crystal cell, the voltage reten 
tion rate was measured. The voltage retention rate was 
measured by applying a pulse voltage using a model circuit 
shown in FIG. 5 in a state of monitoring the voltage between 
ITO electrodes of both glass substrates using a digital 
memory scope and measuring changes of the voltage 
between ITO electrodes. More concretely, a gate signal of a 
voltage of 10 V with a pulse width of 30 psec. was input 
between the gate G and source S in the model circuit in FIG. 
5 and changes of the drain voltage VD were measured to 
obtain the root-mean-square value of the wave form on the 
scope. From said value, the voltage retention rate was 
calculated by the following equation: 

Drain wave root 

mean-square value (V) Voltage 
retention rate _ X 100 (%) S (V) 

(5) Display Ability of Liquid Crystal Display Device 
An active driving type liquid crystal display device was 

formed using the puri?ed liquid crystals obtained in above 
(2) and a polyimide as an orientation ?lm (Active Matrix 
type orientation ?lm LQ-T210, a trade name, mfd. by 
Hitachi Chemical Co., Ltd.). Display properties (particularly 
display uniformity) were remarkably excellent. 

COMPARATIVE EXAMPLE 1 

The process of Example 1 was repeated except for using 
active alumina (for colunm chromatography, 200 mesh, mfd. 
by Wako Pure Chemical Industries, Ltd., FIG. 7 with 500 
magni?cations) in place of the porous particles of imido 
group-containing compound. The results are shown in Table 
1. 

COMPARATIVE EXAMPLE 2 

The process of Example 1 was repeated except for omit 
ting the treatment with porous particles of imido group' 
containing compound. The results are shown in Table 1. 

TABLE 1 

Voltage retention 
Resistivity (Q - cm) rate (%) 

Example 1 1.0 X 1012 84.5 
Comparative 5.7 X 1011 80.1 
Example 1 
Comparative 1.3 x 1011 775 
Example 2 

EXAMPLE 2 

(1) Preparation of Porous Particles of Imido Group 
Containing Compound 

In a 3-liter four-necked ?ask equipped with a thermom 
eter, a stirrer and a moisture meter, 218 g (1 mole) of 
pyromellitic dianhydride and 1673 g of N-methyl pyrroli 
done were placed and raised to a temperature of 50° C. with 
stirring while passing a nitrogen gas through the ?ask, 
followed by maintaining of the temperature at 50° C. for 0.5 
hour to obtain a uniform solution. To this solution, 200 g (1 
mole) of 4,4‘-diaminodiphenyl ether and 3.6 g (2 moles) of 
water were added and raised to a temperature of 110° C. 
instantly, further raised to 200° C. in about 2 hours. The 
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reaction was carried out at 200° C. for 3 hours. In the course 
of the procedure, deposition of particle-like polyimide was 
observed at about 125° C. Further, during the reaction, the 
water distilled was promptly removed out of the system. The 
resulting yellowish brown particles of polyimide dispersed 
in the N-methyl pyrrolidone were recovered by ?ltration, 
followed by boiling in acetone 2 times. The resulting par 
ticles were dried at 200° C. for 5 hours under reduced 
pressure. FIG. 6 is a photograph of a porous particle of the 
imido group~compound (30,000 magni?cations). The result 
ing particles had an average particle size of 9 um and a 
speci?c surface area of 40 mzlg. In the infrared absorption 
spectrum, the special absorption due to imido group at 1780 
cm-1 was admitted. 

The treatment of liquid crystals with the porous particles 
of imido group-containing compound (2) obtained in above 
(1), the measurement of the degree of puri?cation (resistiv 
ity) of the liquid crystals (3) and the measurement of voltage 
retention rate of liquid crystal cell were conducted in the 
same manner as described in Example 1. The results are 
shown in Table 2. 

(5) Display Ability of Liquid Crystal Display Device 
The display ability was evaluated in the same manner as 

described in Example 1. The display properties (particularly 
display uniformity) were remarkably excellent. 

TABLE 2 

> Voltage retention 

Resistivity (Q - cm) _ rate (%) 

Example 2 1.2 X 1012 85.5 

EXAMPLE 3 

(1) Preparation of Porous Particles of Irnido Group‘ 
containing Compound 

In a 3-liter four-necked ?ask equipped with a thermom 
eter, a stirrer and a moisture meter, 218 g (1 mole) of 
pyromellitic anhydride and 1673 g of N-methyl pyrrolidone 
were placed and raised to a temperature of 50° C. with 
stirring, while passing a nitrogen gas through the ?ask, 
followed by maintaining the temperature at 50° C. for 0.5 
hour to obtain a uniform solution. To this solution, 200 g (1 
mole) of 4,4‘-diaminodiphenyl ether and 3.6 g (2 moles) of 
water were added and raised to a temperature of 110° C. 
instantly, followed by maintaining at 110° C. for 20 minutes 
to give a uniform solution for complete dissolution. Then, 
the temperature was raised to 200° C. in about 2 hours and 
the reaction was carried out at 200° C. for 3 hours. In the 
course of the procedure, deposition of particle-like polyim 
ide was observed at about 125° C. Further, during the 
reaction, the water distilled was promptly removed out of the 
system. The resulting yellowish brown particles of polyim 
ide dispersed in the N-methyl pyrrolidone were recovered by 
?ltration, followed by boiling in acetone 2 times. Then, the 
resulting particles were dried at 200° C. for 5 hours under 
reduced pressure. The resulting particles had an average 
particle size of 9 pm and a speci?c surface area of 40 mzlg 
(BET method, Sorptomatic 1800 type, mfd. by Carloerba 
Strumentazione). In the infrared absorption spectrum, the 
special absorption due to imido group at 1780 cm“1 was 
admitted remarkably. 

(2) Preparation of Liquid Crystal Composition 
(Mixing of porous particles of imido group-containing 

compound and liquid crystals) 
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The porous particles of imido group-containing com 

pound obtained in above (1) in an amount of 1.3000‘8 g 
were charged into a 10-ml beaker containing 5 g of liquid 
crystals (ZLI-4792, a trade name, mfd. by Merck Japan Ltd.) 
and stirred well to give a liquid crystal composition. 

(3) Measurement of Voltage Retention Rate of Liquid 
Crystal Cell 
The voltage retention rate was measured in the same 

manner as described in Example 1 (4) except for inserting 
the liquid crystal composition obtained in above (2) into a 
cavity between two substrates of liquid crystal cell by a 
vacuum impregnation method. 

(4) Display Ability of Liquid Crystal Display Device 
An active driving type liquid crystal display device was 

formed by using the liquid crystal composition obtained in 
above (2) and a polyimide (Active Matrix type orientation 
?lm LQ-T 210, a trade name, mfd. by Hitachi Chemical Co., 
Ltd.) as an orientation ?lm. Display properties (particularly 
display uniformity) were remarkably excellent. 

COMPARATIVE EXAMPLE 3 

The process of Example 3 was repeated except for form 
ing a liquid crystal cell using only the liquid crystals without 
using the porous particles of imido group-containing com 
pound. 
The results are shown in Table 3. 

TABLE 3 

Voltage retention rate (%) 

Example 3 98.2 
Comparative 96.7 
Example 3 

EXAMPLE 4 AND COMPARATIVE EXAMPLE 4 

The liquid crystal cells obtained in Example 3 and Com 
parative Example 3 were allowed to stand at a high tem 
perature of 80° C. and taken out after certain periods. Then, 
the voltage retention rate was measured and listed in Table 
4. 

TABLE 4 

Example Voltage retention rate (%) 

No. 100 hrs. 200 hrs. 500 hrs. 1000 hrs. 

Example 4 98.1 98.0 98.0 97.5 
Comparative 94.0 90.5 83.7 75.2 
Example 4 

As shown in Table 4, the voltage retention rate of 
Example 4 is as high as 97.5% even after 1000 hours at 80° 
C. while that of Comparative Example 4 is lowered to 
75.2%. This means that display stability at high tempera 
tures can be obtained according to the present invention. 

As mentioned above, according to the present invention, 
since a su?‘icient purifying e?°ect can be obtained by only 
using a small amount of porous particles of imido group 
containing compound, the losing amount of precious liquid 
crystals during puri?cation, e.g. a loss by trapping on a 
liquid crystal purifying agent, can be reduced. Further, since 
the thus puri?ed liquid crystals or the liquid crystal com 
position containing such porous particles of imido group 
containing compound can provide liquid crystals and liquid 
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crystal compositions having long~period display stability 
and long period display stability under high temperature 
circumstances, liquid crystal cells and liquid crystal display 
devices containing these liquid crystals or liquid crystal 
compositions are excellent in display properties. 
What is claimed is: 
1. A column comprising a vessel and porous particles of 

imido group-containing compound packed therein; said 
porous particles having an average particle size of 0.1 to 
5000 um and a speci?c surface area of l mzlg or more. 

2. A column according to claim 1, wherein the porous 
particles of imido group-containing compound are porous 
particles of polyimide obtained by reacting a tetracarboxylic 
dianhydride with a diamine in a solvent which does not 
dissolve the particular polyimide. 

3. A column according to claim 1, wherein the porous 
particles of imido-group containing compound are porous 
particles of polyimide obtained by reacting a tetracarboxylic 
dianhydride with a diisocyanate in a solvent which does not 
dissolve the particular polyimide. 

4. A column according to claim 1, wherein the porous 
particles of imido group-containing compound are porous 

14 
particles of polyimide obtained by uniformly dissolving 
almost equimolar amounts of an aromatic tetracarboxylic 
dianhydride and an aromatic diamine and 10 to 200% by 
mole water per mole of the tetracarboxylic dianhydride in a 
basic solvent at a temperature below 150° C., and carrying 
out the reaction at 150° to 300° C. 

5. A process for purifying liquid crystals, which comprises 
passing crude liquid crystals through the column of claim 1. 

6. A process according to claim 5, wherein the crude 
liquid crystals are passed through the column by natural ?ow 
by gravity or flow using a pump. 

7. A process according to claim 6, wherein the ?ow rate 
is in the range of 0.0001 cm/min. to 100 cm/min. in terms 
of linear velocity. 

8. In a liquid crystal cell, the improvement wherein the 
puri?ed liquid crystals obtained by the process of claim 5 are 
used. 

9. In a liquid crystal display device, the improvement 
wherein the puri?ed liquid crystals obtained by the process 

20 of claim 5 are used. 


